1.. Introduction {#S0001}
================

Diabetes mellitus prevalence is trending up worldwide, part of which is related to increased prevalence of obesity and dietary changes due to assimilation of western countries \[[1](#CIT0001),[2](#CIT0002)\]. Cardiovascular disease remains the leading cause of death among diabetic patients \[[3](#CIT0003)--[6](#CIT0006)\].Trends to lower glycosylated hemoglobin have reduced the microvascular complications but still there is controversy regarding the impact of tight glycemic control on the macrovascular complications \[[7](#CIT0007),[8](#CIT0008)\].

Although most guidelines recommend metformin as the first line to be used in drug-naïve patients, other drugs may play a role as an add-on treatment \[[9](#CIT0009),[10](#CIT0010)\]. Cardiovascular safety and efficacy of anti-diabetic medications have been reported in many randomized controlled trials \[[11](#CIT0011)\]. The cardiovascular impact of antidiabetic agents is variable, but many agents did show a positive impact on the reduction of cardiovascular events \[[12](#CIT0012),[13](#CIT0013)\].

Incretin mimetics' efficacy in controlling blood glucose has been proven by many trials \[[14](#CIT0014)\], and many trials were done to show their efficacy in improving cardiovascular outcomes \[[12](#CIT0012),[15](#CIT0015),[16](#CIT0016)\]. Incretin receptors on vascular smooth muscle cells have a role in causing atherosclerosis, and this was studied in experimental studies \[[17](#CIT0017),[18](#CIT0018)\]. Furthermore, incretin mimetics showed a favorable effect in reducing endothelial dysfunction \[[19](#CIT0019)\].

Importantly, several randomized control trials have investigated the effect of incretin mimetics on atherosclerosis risk. However, these trials did show variable effect. So, we conducted this meta-analysis on randomized control trials that investigated the effect of incretin mimetics on carotid intima-media thickness (CIMT) as a strong foreteller of future cardiac and cerebrovascular events \[[20](#CIT0020)\].

2.. Methodology {#S0002}
===============

2.1.. Literature search and data source {#S0002-S2001}
---------------------------------------

An electronic literature search was performed independently by two investigators (A.A. and Y.Z.) in accordance with the recommendations of the Cochrane Collaboration, using PubMed, clinicaltrials.gov and Cochrane Library from inception through 8 March 2018. Any disagreement was resolved by a discussion of the two reviewers and a third investigator (M.B.). Neither language nor demographic restrictions were applied. All references from papers obtained through the databases were reviewed manually. The search terms were: 'sitagliptin', 'saxagliptin', 'vildagliptin', 'alogliptin', 'linagliptin', 'dutogliptin', 'gemigliptin', 'DPP', 'incretin', 'dipeptidyl peptidase-4', 'GLP-1', 'exenatide', 'liraglutide', 'albiglutide', 'dulaglutide', 'lixisenatide', 'intima media thickness', 'carotid', 'atherosclerosis', 'arteriosclerosis', 'plaque'. The electronic search was archived through Mendeley and is available on request.

2.2.. Study selection {#S0002-S2002}
---------------------

We included randomized controlled trials (RCTs) comparing dipeptidyl peptidase-4 (DPP-4) inhibitors or Glucagon-like peptide-1 (GLP-1) analogues versus placebo or conventional treatment in patients with diabetes mellitus that studied the effect of treatment on CIMT, which was our primary outcome. Retrospective studies were excluded to decrease bias and confounding variables. We excluded all case reports, case series, letters and replies.

2.3.. Outcomes {#S0002-S2003}
--------------

The primary outcome was change of intima-media thickness (IMT) of the carotid artery on short- and long-term treatment from baseline. Short term was defined as treatment for 1 year or less, while long term was treatment for more than 1 year. Secondary outcomes were systolic and diastolic blood pressure change, and body mass index (BMI) change. All outcomes were measured as the mean difference between the two groups.

2.4.. Statistical analysis {#S0002-S2004}
--------------------------

Effect estimates in the form of mean difference were extracted from each study. These were directly extracted from the article (when available) or calculated indirectly based on the available data presented in the text of the article. We calculated the weighted mean difference and 95% Confidence interval \[CI\] using the inverse variance test. The random effect model was used to account for between-study variation and heterogeneity between studies was explored by I-squared (I2) statistic. In addition, we performed a subgroup analysis for duration of outcomes (short vs long) as well as sensitivity analysis in the group with the short duration, excluding the study by Dejgaard et al \[[21](#CIT0021)\]. since it had the shortest follow-up. We did not perform an assessment for publication bias given the small number of studies included in the analysis. For each endpoint, all statistical tests were two-sided and p values less than 0.05 were considered to be statistically significant. Analyses were conducted with Comprehensive Meta-analysis software version 3.3.070.

3.. Results {#S0003}
===========

3.1.. Summary of the studies {#S0003-S2001}
----------------------------

A thorough literature search resulted in 401 articles from electronic searches and 24 articles from other sources, including a manual search and references review. We included 5 prospective studies that compared DPP-4 inhibitors or GLP-1 analogues versus placebo or conventional treatment of diabetes mellitus \[[21](#CIT0021)--[25](#CIT0025)\]. Included Studies are summarized in [Table 1](#T0001). [Figure 1](#F0001) shows the information relevant to the search process. The effect on CIMT after short-term (6 months to 1 year) treatment was reported in the 5 included studies, while the effect after long-term (2 years) treatment was reported in 3 out of the 5 included studies \[[22](#CIT0022)--[24](#CIT0024)\]. All secondary outcomes were analyzed at 2 years and were reported in 3 studies. The mean age of patients included in the trials is 64.3 ± 11.4. A total of 1241 patients were included in the analysis of the short-term effect of treatment on CIMT, while analyses of the long-term effect on CIMT and all other secondary outcomes included 1057 patients. Demographic features of the included studies described in [Table 2](#T0002).10.1080/20009666.2018.1542919-T0001Table 1.Summary of included studies.First author (trial name)YearStudy designFollow-up periodStudy populationTreatmentNumber of patientsMita (SPEAD-A)2016Prospective, randomized, open-label, blinded endpoint, multicenter, parallel-group comparative study24 monthsType 2 DMAlogliptin versus341     Conventional Mita (SPIKE)2016Prospective, randomized, open-label, blinded endpoint, multicenter, parallel-group comparative study24 monthsType 2 DM on insulinSitagliptin versus282     Conventional Oyama (PROLOGUE)2016Prospective, randomized, open-label, multicenter, blinded endpoint study24 monthsType 2 DMSitagliptin versus442     Conventional Ishikawa2014Prospective, randomized, open-label, single-center, parallel-group, comparative trial12 monthsIGT or mild type 2 DMSitagliptin versus76     Conventional Dejgaard2016Randomized, placebo-controlled, double-blinded, parallel-group trial6 monthsType 1 DMLiraglutide versus100     Conventional [^1]10.1080/20009666.2018.1542919-T0002Table 2.Demographic features. MITA (SPEAD-A)MITA (SPIKE)Oyama (PROLOGUE)IshikawaDejgaardTreatmentAlogliptinConventionalSitagliptinConventionalSitagliptinConventionalSitagliptinConventionalLiraglutideConventionalAge, Mean (SD)64.4 (9.8)64.8 (9.1)63.8 (9.7)63.6 (10.0)69.2 (9.3)69.2 (9.2)73.7 (7.3)69.0 (8.0)47 (13)49 (12)Male (n)10198838214615132333035Hypertension (n)90917586181166\--2530Dyslipidemia (n)86949184163148\--3338ACEI and/or ARBs (n)79726173\--30311830BMI, Mean (SD)24.6 (4.3)24.9 (3.7)25 (4.3)25 (3.8)\--25.3 (3.9)23.8 (3.8)30.3 (3.5)29.8 (3.1)CIMT, Mean (SD)0.83 (15)0.83 (0.17)0.84 (0.19)0.84 (.21)0.82 (0.16)0.83 (0.19)1.11 (0.42)1.07 (0.42)0.69 (0.04)0.71 (0.04)HbA1c %, Mean (SD)7.3 (0.8)7.2 (0.8)8.1 (1.1)8.0 (1.0)6.96 (0.64)6.96 (0.55)5.77 (0.31)5.49 (0.29)8.7 (0.7)8.7 (0.7)TC (mmol/L), Mean (SD)5 (0.77)5.01 (0.75)5.02 (0.91)4.94 (0.86)\--4.18 (0.78)4.18 (0.78)\--LDL (mmol/L), Mean (SD)2.89 (0.68)2.93 (0.64)2.85 (0.78)2.78 (0.70)2.45 (0.67)2.41 (0.73)2.44 (0.44)2.44 (0.54)\--HDL (mmol/L), Mean (SD)1.47 (0.38)1.41 (0.36)1.46 (0.37)1.39 (0.38)\--1.34 (0.34)1.39 (0.35)\--FBG (mmol/L), Mean (SD)7.81 (1.5)7.85 (1.98)8.64 (2.85)8.42 (2.55)7.67 (2.31)7.49 (2.05)5.9 (0.49)6.0 (0.64)\--Systolic blood pressure, Mean (SD)130 (16)132 (15)130 (16)132 (14)130 (15.7)128.8 (16.5)130.2 (7.0)128.9 (9.8)131 (15)130 (16)eGFR, Mean (SD)78 (20)77 (18)77 (21.2)79.7 (24.2)66.5 (17.4)66.8 (18.1)\-\-\--[^2]10.1080/20009666.2018.1542919-F0001Figure 1.Preferred Reporting Items for Meta-Analyses (PRISMA) Diagram.

In terms of the short-term follow-up there was no statistically significant improvement in the CIMT for the treatment group in comparison to the conventional group (mean difference −0.004; 95% CI −0.024 to 0.016; P = 0.7) [Figure 2](#F0002). A sensitivity analysis was done by excluding the study by Dejgaard et al. (as this trial had an inordinately short follow-up period (6 months) and included only patients with type 1 diabetes and a low atherosclerotic risk profile) and again there was no statistically significant difference between the 2 groups (mean difference −0.012; 95% CI −0.034 to 0.010; P = 0.28) **(Supplementary material Figure 1)**.10.1080/20009666.2018.1542919-F0002Figure 2.Forest plots summarizing the short term (6--12 months) changes of the carotid intima-media thickness.

In the long-term follow-up group, which included three studies, the results showed statistically significant improvement in the CIMT for the treatment group in comparison to the conventional group (mean difference −0.031; 95% CI −0.049 to 0.012; P = 0.001) [Figure 3](#F0003).10.1080/20009666.2018.1542919-F0003Figure 3.Forest plots summarizing the Long term (24 months) changes of the carotid intima-media thickness.

For secondary outcomes, our analysis did not show any statistically significant difference between the two groups in systolic blood pressure (mean difference −0.42; 95% CI −3.2 to 2.3; P = 0.8) diastolic blood pressure (mean difference 0.25; 95% CI −1.18 to 1.68; P = 0.7), or BMI (mean difference 0.064; 95% CI −0.54 to 0.67; P = 0.8) (**supplementary material Figures 2--4, respectively**).

4.. Discussion {#S0004}
==============

In this meta-analysis we included five RCTs that evaluated the effect of incretin mimetics on CIMT. The novel finding of our meta-analysis is the long-term improvement of CIMT in patients receiving GLP-1 mimetics. CIMT has been validated as a good predictor for the incidence of vascular events, especially stroke \[[20](#CIT0020)\]. This can be translated into low vascular events in patients who are receiving the GLP-1 mimetics in the long term.

Data on long-term outcomes were available in 3 trials: SPIKE, SPEAD-A, and PROLOGUE. The authors of SPIKE and SPEAD-A found an improvement in CIMT in comparison to the baseline at 2 years' follow-up; this effect was not statistically significant in the PROLOGUE trial. Many inflammatory markers, like IL-6, are suppressed by GLP-1 mimetics in human macrophages through inhibition of protein kinase C \[[26](#CIT0026)\], and this discordance between PROLOGUE and the other two trials could be explained by the lower level of HbA1c in the study participants; as well-controlled diabetes has a lesser expression of inflammatory markers \[[27](#CIT0027)\], this could attenuate the anti-inflammatory effect of GLP-1 mimetics in these patients\[[28](#CIT0028)\]. Also, other medications like pioglitazone and metformin can attenuate the progression of IMT \[[29](#CIT0029),[30](#CIT0030)\], and these medications were used more in the conventional group of PROLOGUE participants than the treatment group, which attenuates the effect of sitagliptin \[[24](#CIT0024)\].

Cardiovascular safety was studied by two large non-inferior randomized control trials: the TECOS and EXAMINE trials, which studied the clinical efficacy and safety of Sitagliptin and Alogliptin, respectively \[[31](#CIT0031),[32](#CIT0032)\]. Together with our result that used the CIMT as a proxy for future vascular events, there is a greater impetus for doing superiority trials regarding the vascular events reduction effect of these medications in the future.

Interestingly, the short-term (less than one year) analysis failed to show improvement in the CIMT for the GLP-1 memetics group, and this highlights the time-dependent beneficial effect of these medications. Anti-atherosclerotic effect of anti-diabetic agents usually needs time to be seen and this has been highlighted in the United Kingdom Prospective Diabetes Study (UKPDS), which proposed 10 years of follow-up for the treatment to show a beneficial effect \[[4](#CIT0004)\].

Four trials evaluated the anti-atherosclerotic effect of DPP4 inhibitors (Sitagliptin in 3 trials and Alogliptin in one trial) at one year. The SPIKE trial was the only one which didn't show any improvement at this point of time, however, the minimal improvement the other trials showed at one year was not statistically significant \[[22](#CIT0022)--[25](#CIT0025)\]. The proposed latent effect of DPP4 may be the main reason for this trivial benefit.

Many previous trials studied the blood pressure effect of incretin mimetics and showed variable results, but none of them was a clinically significant reduction \[[33](#CIT0033),[34](#CIT0034)\], as vildagliptin improved blood pressure by less than 3 mmHg \[[35](#CIT0035)\]. In this meta-analysis the included trials failed to show a significant reduction of both systolic and diastolic blood pressure. Although more than 50% of included patients were hypertensive, their blood pressure was controlled and, interestingly, the dosage of sitagliptin used in the SPIKE and PROLOGUE trials was lower than the experimented dose required in a patient who has diabetes and hypertension \[[36](#CIT0036)\].

Incretin mimetics in general have a favorable effect on weight reduction, although the data support GLP-1 agonist more than DPP4 drugs \[[37](#CIT0037),[38](#CIT0038)\]. At 2 years' follow-up, our data didn't show significant reduction in BMI, even though it was significant in SPEAD-A, in which Alogliptin was used in the treatment group \[[23](#CIT0023)\], this may show the variable effect within the DPP4 inhibitor group, as sitagliptin was the treatment drug in the other 2 trials \[[22](#CIT0022),[24](#CIT0024)\]. Studies were heterogenous regarding this outcome. This could be explained by the clinical diversity of study populations between the PROLOGUE trial and the other two trials, as the demographic feature of participants in the PROLOGUE trial is quite different, represented by lower HbA1c and higher usage of medications such as metformin and thiazolidinedione \[[24](#CIT0024)\]. So, a random-effects model was used to overcome this heterogeneity.

The lipid-lowering effect of anti-diabetic medication is variable, but incretin mimetics did show a favorable effect on the lipid profile of diabetic patients in observational and small randomized trials \[[39](#CIT0039),[40](#CIT0040)\]. In our analysis we tried to analyze low density lipoprotein (LDL) and high density lipoprotein (HDL) levels, but it was impossible as the numbers were given in different formats; in the PROLOGUE trial the numbers were given in crude value, while in SPIKE and SPEAD-A the numbers were given in percent of change from baseline. Study heterogeneity was variable in the studied outcomes and it was statistically significant in BMI.

5.. Limitations {#S0005}
===============

There are some limitations in this meta-analysis that should be acknowledged. First, the trials included in this pooled analysis are not powered enough to detect the vascular events and metabolic effect of these medications. Second, all the included trials in long-term analysis are only on Japanese patients, thus the generalizability of the data is limited. Third, PROBE design was used to conduct the design of included trials; and this may bias the outcome assessment. Fourth, the SPIKE and SPEAD-A trials are multicenter-trials and intersonographer difference in measurement of CIMT is possible. Fifth, the PROLOGUE trials' outcomes were adjusted to the baseline characteristic, while the other trials didn't adjust their results.

6.. Conclusion {#S0006}
==============

Long-term (2 years) use of incretin mimetics did show a significant improvement of CIMT, which has a strong correlation with vascular events, but these medications failed to show this effect at 1 year. Cardiovascular mortality and morbidity benefits of these medications were studied in non-inferiority trials, and our data support the idea of doing a superiority trial regarding the use of these medications and the conventional treatment. On the other hand, this analysis failed to show a significant effect of these medication on BMI, blood pressure, and lipid profile.
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###### Supplemental Material

[^1]: Abbreviation: DM: Diabetes Mellitus; IGT: Impaired Glucose Tolerance; PROLOGUE: Program of Vascular Evaluation under Glucose Control by DPP-4 Inhibitor; SPEAD-A: The Study of Preventive Effects of Alogliptin on Diabetic Atherosclerosis; SPIKE: The Sitagliptin Preventive Study of Intima-Media Thickness Evaluation.

[^2]: Abbreviation: ACEI: Angiotensin-converting-enzyme inhibitor; ARBs: Angiotensin II receptor blockers; BMI: Body mass index; CIMT: *Carotid* intima-media thickness; eGFR: *estimated glomerular filtration rate*; FBG: Fasting blood glucose; HbA1c: Hemoglobin A1c; HDL: High density lipoprotein; LDL: Low density lipoprotein; n: Number of patients; PROLOGUE: Program of Vascular Evaluation under Glucose Control by DPP-4 Inhibitor; SD: Standard deviation; SPEAD-A: The Study of Preventive Effects of Alogliptin on Diabetic Atherosclerosis; SPIKE: The Sitagliptin Preventive Study of Intima-Media Thickness Evaluation; TC: Triglyceride.
